Background
T1 colorectal cancer (T1 CRC) is invasive and can cause lymph node and distant metastases, so standard treatment involves colorectal resection combined with lymph node dissection [1] [2] [3] . However, endoscopic resection is often performed as initial treatment for T1 CRC, followed by additional colorectal resection when histopathological examination reveals a high risk of lymph node metastasis [4, 5] . Thus, there are 3 treatment approaches to T1 CRC: endoscopic resection alone, endoscopic resection followed by additional colorectal resection, and standard surgical resection.
Lymph node metastasis occurs in 6-12% of patients with T1 CRC [6] [7] [8] , and the depth of submucosal invasion, histological type, lymphovascular invasion, and tumor budding have been reported as risk factors for nodal metastasis [9] [10] [11] . Selection of endoscopic or surgical resection for T1 CRC is based on preoperative endoscopic diagnosis. However, the histology of the deepest invading part of the tumor, lymphovascular invasion, and tumor budding cannot be examined by preoperative endoscopy, which means that the risk of lymph node metastasis is inevitably decided by assessing the depth of submucosal invasion. In Japan, submucosal invasion shallower than 1000 μm is classified as T1a and invasion of 1000 μm or deeper is designated asT1b [4] , with T1b representing deep submucosal invasion, which is a risk factor for lymph node metastasis. When the risk of lymph node metastasis is judged to be low based on the results of histopathological examination after endoscopic resection, observation without additional colorectal resection is selected for subsequent management [12] . Additional colorectal resection is usually recommended even if only 1 risk factor for lymph node metastasis is found [4] , but observation without resection despite the presence of a risk factor for nodal metastasis is increasingly selected based on the patient's age, general condition, and wishes.
Additional colorectal resection is often performed by laparoscopic surgery, but endoscopic treatment is even less invasive. With recent progress in endoscopic treatment, endoscopic submucosal dissection (ESD) has been performed for T1 CRC in addition to endoscopic mucosal resection (EMR) [13, 14] . ESD is an excellent method that allows en-bloc resection of even large lesions and accurate histopathological evaluation for determination of subsequent treatment options.
During the 10-year period since introduction of ESD at our hospital, the number of patients with T1 CRC undergoing ESD has increased. Accordingly, this retrospective study was performed to assess changes in the management of T1 CRC after introduction of ESD by comparing it with the 10-year period before its introduction.
Material and Methods

Patient involvement
During the 20-year period from 1996 to 2015, 935 patients with T1 CRC were treated at Juntendo University Hospital (Tokyo, Japan). After excluding 85 patients who underwent previous endoscopic resection at another hospital and 15 patients with synchronous multiple cancer and advanced colorectal cancer as the other tumor, 835 patients were studied.
Selection of endoscopic or surgical resection for colorectal lesion was based on preoperative endoscopic diagnosis by magnifying chromoendoscopy. For lesions with definitely suspected submucosal invasion, surgery was selected after biopsy. For lesions without submucosal invasion or with shallow invasion, endoscopic treatment was selected, and whether additional colorectal resection was necessary was determined by histological evaluation.
Written informed consent for treatment was obtained from all patients before treatment.
The 835 patients were divided into 331 patients treated between 1996 and 2005 before introduction of ESD (Group A) and 504 patients treated between 2006 and 2015 after introduction of ESD (Group B). Clinicopathological findings and treatment methods were compared between the 2 groups.
Risk of lymph node metastasis
The risk of lymph node metastasis was judged according to the 2014 guidelines for colorectal cancer treatment [4] . Briefly, tumors with a positive vertical margin, depth of submucosal invasion ³1000 µm, lymphovascular invasion, poorly differentiated adenocarcinoma, signet ring cell carcinoma, mucinous carcinoma, or tumor budding (Grade 2/3) were regarded as high risk for lymph node metastasis, while tumors without any risk factors were regarded as low risk. If submucosal invasion was not measured in the earlier cases, the submucosal layer was divided into equal thirds (SM1, SM2, and SM3), with invasion into the upper third of the submucosa being classified as T1a and invasion of the middle or lower thirds being classified as T1b [15] .
Colorectal ESD
The indications for colorectal ESD specified by the Colorectal ESD Standardization Implementation Working Group and Colorectal ESD/EMR Guidelines established by the Japan Gastroenterological Endoscopy Society were followed, i.e., tumors 20 mm or larger requiring endoscopic en-bloc resection. Colorectal ESD was also performed for tumors smaller than 6911 20 mm if en-bloc resection using a normal snare was difficult [16] .
Statistical analysis
Results are reported as the mean ±SD (range). Statistical analysis was performed with JMP 9.0 software (SAS Institute Inc., Cary, NC, USA) using the chi-square test and the t test. The level of significance was set at p<0.05 in all analyses.
Results
Profile of T1 CRC patients
Group B (n=504) was 1.5-fold larger than Group A (n=331). The mean age was not significantly different, but the percentage of female patients was higher in Group B (p=0.04). Regarding tumor location, cecal lesion increased from 2.4% to 6.8% in Group B (p<0.01), and the mean tumor size increased from 15.6 to 22.6 mm. Regarding the macroscopic type, pedunculated tumors showed a decrease in frequency, whereas depressed and laterally spreading tumors (LST) were increased (Table 1) .
Initial treatment
Endoscopic resection was often selected for initial treatment of T1a CRC. The endoscopic resection rate was 71.9% in Group A and it increased to 80.0% in Group B, while selection of standard surgical resection for initial treatment of T1a CRC decreased from 28.1% to 20.0%, respectively.
Selection of endoscopic resection or standard surgical resection for initial treatment of T1b CRC was similar in both groups, with endoscopic resection being selected in 49.4% of Group A and 47.5% of Group B, while standard surgical resection was selected in 50.6% and 52.5%, respectively.
Overall, endoscopic resection was performed more frequently than standard surgical resection as initial treatment in both groups (Group A: 55.9 vs. 44.1%, Group B: 57.1 vs. 42.9%), and no significant change in management was noted (Table 2) .
Endoscopic treatment
In Group A, endoscopic polypectomy was performed for 64 patients (34.6%) and EMR was performed for 121 patients (65.4%), whereas endoscopic polypectomy and EMR were respectively performed for 26 patients (9.0%) and 101 patients (35.1%) in Group B, demonstrating significant decreases in frequency (p<0.01). In Group B, ESD was performed for 161 patients (55.9%), accounting for more than half of the patients with T1 CRC undergoing endoscopic treatment. There was no significant difference of the en-bloc resection rate between Groups A and B (Table 3) .
Additional colorectal resection or observation
The risk of lymph node metastasis was judged to be high by histopathological examination after endoscopic treatment in The most frequent reason for selecting observation was the patient's request, while the patient's age, colostomy, and surgical risk due to the presence of complications were also taken into consideration. In some patients, observation was selected because the depth of submucosal invasion was the only histopathological risk factor for lymph node metastasis, and the risk was judged to be low clinically (Table 4) . The lymph node metastasis rate among the patients undergoing initial surgery was 7.5% in Group A and 8.8% in Group B, while it was 9.4 and 10.4%, respectively, among the patients who underwent additional colorectal resection, and it was 8.3% and 9.4%, respectively, among all patients. These rates showed no significant differences ( Table 5 ). The overall lymph node metastasis rates in all patients, including those treated by endoscopic resection, was 6.0% in Groups A and 6.2% in Group B.
Surgical treatment
Definitive treatment
Observation was selected after endoscopic resection for 54.2% of T1a patients in Group A and 67.3% in Group B, with a significant increase in Group B (p=0.04). A similar trend was noted among T1b patients, but there was no significant difference of the treatment method. Among all T1 CRC patients, the percentage undergoing observation after endoscopic resection increased significantly from 26.9% in Group A to 34.3% in Group B (p=0. 02), while the percentage of patients receiving surgical resection decreased from 73.1% to 65.7%, respectively. In particular, the percentage of patients receiving additional colorectal resection decreased significantly from 29.0% in Group A to 22.8% in Group B (p=0.04). The percentage of patients undergoing initial surgical resection was 44.1% and 42.9%, respectively, showing no change (Table 6 ).
Discussion
Treatment of colorectal cancer has recently undergone major changes with progress in endoscopic and laparoscopic surgery, as well as new chemotherapy regimens based on novel anticancer drugs [4, 17] . Minimally invasive treatments have become High-risk surgical patient 17 14 Poor performance status 7 9
Refusal colostomy 4 7
Unfavorable risk factor was only submucosal invasion depth 18 32 
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mainstream, and ESD has been attracting attention [18] . In this study, changes in the management of T1 CRC after the introduction of ESD were investigated.
Comparison between before and after introduction of ESD showed a 1.5-fold increase of T1 CRC in the 10-year period after its introduction, which may have reflected increased early detection of colorectal cancer in Japan thanks to progress in endoscopy. In addition, the percentage of female colorectal cancer patients and patients with cecal lesion increased. Regarding the macroscopic type, pedunculated tumors decreased, while depressed tumors and LST increased. The tumor diameter also increased as LST increased, but there was no change in the depth of submucosal invasion or the percentages of T1a and 
This work is licensed under Creative Common AttributionNonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) T1b tumors when the borderline was set at 1000 μm. In addition, there was no change in the percentages of patients with a low or high risk of lymph node metastasis.
There are 3 treatment approaches for T1 CRC: endoscopic resection, endoscopic resection followed by additional colorectal resection, and standard surgical resection. Considering that T1 CRC is an invasive tumor with a risk of lymph node metastasis and high-risk patients account for approximately 80%, surgery with lymph node dissection is the standard treatment approach [1] [2] [3] . However, endoscopic resection is often performed initially because complete cure of some lesions by endoscopic treatment is expected if lymph node metastasis is absent in T1 CRC, and a strategy of employing endoscopic resection as total excisional biopsy to investigate the need for additional colorectal resection is described in the guidelines [4] . Indeed, endoscopic resection was performed as the initial treatment for T1 CRC in 55.9% of patients during the 10-year period before introduction of ESD, although this increased to 73.1% of patients when those receiving additional colorectal resection after endoscopic resection were combined with those having initial surgery, demonstrating that surgical resection was the main treatment for T1 CRC. Due to the subsequent introduction of ESD, the range of endoscopically resectable lesions has expanded. In addition, even among patients with highrisk disease detected by histopathological examination after endoscopic resection, there has been an increase of performing observation without additional colorectal resection. Thus, although surgical resection is still the main treatment for T1 CRC, a gradual change is evident.
After the introduction of ESD, this study showed that the percentage of T1a patients undergoing initial surgical resection decreased from 28.1% to 20.0%. In T1a patients with a low risk of lymph node metastasis, initial surgical resection should be avoided if possible. Since T1CRC is an invasive tumor despite its low risk, surgery is not considered to be over-treatment. However, it is important to have the option to select endoscopic resection as initial treatment for T1a disease.
There was also an increase in the number of patients undergoing observation after endoscopic resection, indicating that endoscopic resection contributed to reducing the mental, physical, and financial burden on patients. Whether or not to have additional colorectal resection is finally decided by the patient, but providing accurate information is important for making the best decision. A negative margin after en-bloc resection (not piecemeal resection) is desirable, and ESD will probably become the main endoscopic treatment for T1 CRC in the future [13, 19] . The present study showed that ESD was selected in more than half of all endoscopic procedures for T1 CRC, substituting for polypectomy and EMR.
With regard to additional colorectal resection, the percentage of patients undergoing observation without additional resection after endoscopic resection despite being high-risk on histopathological examination increased from 29.4% to 41.3% following introduction of ESD. This may have been related to an increase in the number of patients who decided that not receiving additional colorectal resection was more beneficial after understanding the risk of recurrence [20] , including those who selected observation due to the risk of surgery even though they wanted additional treatment. Reasons for the increase in patients in whom observation is selected following endoscopic resection are that local recurrence can be detected early by image enhancing endoscopy (IEE) with magnification, and the accuracy of not only endoscopy, but also other imaging techniques, such as multi-slice CT, has increased, which allows rapid management for recurrence after endoscopic resection [21] .
Minimally invasive laparoscopic surgery is often performed for additional colorectal resection, but surgical stress and complications may reduce postoperative QOL and can even be lifethreatening [20, 22] . Colostomy is not well understood [23] . Although many patients selected it in this study, among patients for whom surgery was high risk and postoperative reduction of QOL was a concern, the frequency of selecting observation without additional colorectal resection increased in relation to their age, complications, and performance status. The numbers of patients with a poor performance status and complications for whom it is difficult to decide about additional treatment will probably increase in the future. In addition, some patients with deep submucosal invasion as the only risk factor for lymph node metastasis were judged to be low risk clinically and were managed by observation because their risk of recurrence is low [24, 25] . While T1b CRC is classified as high risk, the factors associated with a low risk of lymph node metastasis have been investigated [19, 20, 26] , and the indications for observation without additional colorectal resection may be expanded by combining several factors.
Surgical resection is performed laparoscopically in nearly 90% of patients and T1 CRC is particularly suitable for laparoscopic surgery [27] . The lymph node metastasis rate in surgically treated patients, combining those who received additional colorectal resection and those with initial surgery, was nearly 10% in this series, as previously reported [6] [7] [8] . Adding the patients who underwent endoscopic resection, who were regarded as not having lymph node metastasis, the lymph node metastasis rate for all T1 CRC patients was approximately 6%.
Regarding definitive treatment, patients who received endoscopic resection increased and patients who received additional colorectal resection decreased as observation was increasingly selected following endoscopic resection. Although surgical resection remains the main treatment for T1 CRC, the surgical and endoscopic resection rates changed from 73.1% vs. 26. 9% (3: 1) in Group A to 65.7% vs. 34.3% (2: 1) in Group B, and these changes may have been related to introduction of ESD.
Several limitations of this study should be considered. Although ESD has become more popular, it is still not a general treatment and the data were collected at an institution where ESD is actively performed. Thus, it is necessary to investigate the impact of ESD at multiple institutions. In addition, this study presented short-term outcomes following changes in the treatment of T1 CRC, and further investigation is necessary to assess recurrence in patients who selected observation without additional colorectal resection.
Conclusions
Changes in the treatment of T1 CRC after introduction of ESD were investigated. After ESD was introduced, it was used for tumor resection in more than half of the endoscopically treated patients with T1 CRC. The percentage of patients managed by observation after endoscopic resection increased after introduction of ESD, not only because of its introduction, but also due to the rapid advances in endoscopy, which make in situ recurrence more likely to be detected and observation after endoscopic resection safer. Accordingly, there was an increased number of patients not receiving additional colorectal resection after endoscopic resection, even though they were at high risk according to histopathological examination. In the future, it will be necessary to standardize the ESD procedure for safe application and to carefully follow high-risk patients who selected observation in order to determine the clinical course, recurrence rate, and outcomes.
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